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Abstract 
Since the oesophageal epithelium of common laboratory 
animals, rats and mice, is keratinized it is unsuitable for 
comparison with typical non-keratinized stratified squamous 
human epithelium. It is thus important to find a suitable 
animal model for the study of human oesophageal tissue 
changes. This study investigated the microridge structure of 
immature and adult rabbit specimens, and adult human 
biopsies by scanning electron microscopy and morphometry. 
The investigation revealed a similarity between typical 
squamous human and adult rabbit oesophageal mucosa! 
epithelium. While human epithelium specimens subdivided 
into two other groups (non-typical squamous and non-
squamous); all typical squamous human biopsies were from 
patients who had nonnal endoscopy rep011s and no reflux 
symptoms. The surface cells of typical squamous human 
epithelium displayed complex microridge patterns (64% of 
cell surface) but patterns in non-typical squamous specimens 
were more variable (38%) (P < 0.001) and cell boundaries 
less obvious. Rabbit squames displayed clear microridge 
patterns with an elevation in the percentage of cell surface 
covered by microridges, with increasing age, from immature 
to adult specimens (P < 0.001). There was no statistically 
significant differences between adult rabbit, and 'typical 
squamous' human biopsies (range 51-65%), results which 
suggest potential use of a rabbit model to study changes in 
human oesophageal tissue. 
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Introduction 
Mammalian oesophageal epithelium is stratified 
squamous in type and can be either keratinising (KSS) or 
non-keratinising (NKSS) depending on species. These 
epithelial sub-types have been investigated extensively by 
light and electron microscopy (Cleaton-Jones and Fleischer, 
1973; Andrews, 1976; Dilly and Mallinson, 1975; Ackerman 
et al., 1976; Al Yassin and Toner, 1977; Yamamoto and 
Hirano 1978; Nair and Schroeder 1981; Maltravers and 
Tyldesley, 1978a, 1978b; Meister et al., 1983; Henk et al. 
1986; Shasha'a et al., 1988; Laferla et al., 1988). Human 
oesophageal epithelium is normally NKSS in type (Ackerman 
et al., 1976; Robinson et al., 1981; Siew and Goldstein, 
1981; Laferla et al., 1988) whereas those of the mouse and 
the rat are keratinized (Marques-Pereira and Leblond, 1965). 
The surface squames in NKSS are characterised by the 
presence, on their luminal aspect, of complex foldings of the 
cell membrane termed microplicae or microridges (Andrews, 
1976). These foldings have been described on the surface of 
NKSS from sites which include the cervix and buccal 
epithelium (Williams et al., 1973; Reichart and Althoff, 1982; 
Carr and Toner, 1982; Robertson et al., 1987). 
Microridges on the surface of squamous epithelial cells 
are known to be affected by disease processes. Inflammatory 
changes result in microridges becoming obliterated or fused 
together so that they cover a lower proportion of the cell 
surface (Goran et al., 1984). In mild or moderately 
dysplastic areas in cervical or oesophageal epithelium 
microridge patterns are bizarre and are associated with an 
increase in microridge density whereas in severely dysplastic 
areas microridges are poorly represented or absent (Williams 
et al., 1973; Goran et al., 1984 ). Changes in microridge 
pattern of the buccal mucosa after radiotherapy shows a 
correlation with dose (Robertson et al., 1987). Human 
oesophageal biopsies with NKSS epithelium have been 
classified as either 'typical squamous' or 'non-typical 
(atypical) squamous' according to their microridge patterns 
(Laferla et al., 1988). The term non-typical squamous is 
preferred since atypical is conventionally used to refer to· 
early carcinogenic lesions synonymous with dysplasia. 
Changes such as these in the morphology of the 
microridge patterns require that detailed baseline qualitative 
and quantitative data on the appearance and distribution of the 
surface features of normal squamous cells need to be 
available for the sites and species most commonly examined. 
The purpose of this study was to obtain such baseline data 
for the rabbit to see how its squame microridge pattern and 
microridge percentage compared with that of the human. 
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Materials and Methods 
The various specimen groups investigated are 
summarised in Table 1. Animals and humans of both sexes 
were used in this study. In one instance, 6 animals were 
used because of animal availability. This was above the 
number of three animals/group used for all other rabbit 
groups in accordance with the spirit of our animal licence to 
use the minimum number of animals necessary for statistical 
significance. Specimens which were densely covered with 
mucous were cleaned by the method of Dickson et al. ( 1989) 
in order to reveal the underlying squamous cell surface 
structure. 
Table 1. Experimental groups examined in this 
study 
Animal 
species age number 
rabbit 1 week 3 
rabbit 2 weeks 3 
rabbit 1-2 years 6 
rabbit 3-5 years 3 
Human 20- 67 years 18 
Immature rabbit specimens 
Nine New Zealand rabbits (3 animals/group) were killed 
by cervical dislocation at 1 week and 2 weeks of age. 
Specimens of cervical, thoracic and abdominal oesophagus 
were fixed in 3.0% glutaraldehyde in 0.1 M sodium 
cacodylate buffer at 4 ·c, pH 7.4, washed in 0.1 M sodium 
cacodylate buffer and then postfixed for 2 hours in 1 % 
osmium tetroxide in sodium cacodylate buffer. Following 
dehydration in a graded series of ethanols (70%-100%), the 
specimens were critical point dried, mounted on stubs, and 
coated with gold-palladium before examination in a JEOL 
JSM-840A scanning electron microscope (SEM) operating at 
an accelerating voltage of 10-15 kV with a working distance 
of 39 mm. The tilt angle was kept constant at o·. The 
instrument magnification was calibrated by standard methods 
using a reference grid. Micrographs were recorded at low (x 
25-200), medium (x 600-800) and high (x 4000-8000) 
magnifications. Additional split-screen micrographs showing 
NKSS epithelium were recorded for stereopair analysis with 
one half-screen image set at a o· tilt angle and the other of the 
pair at a tilt angle of 15°. 
Adult rabbit specimens 
Six rabbits aged 1-2 years, and three aged 3-5 years, 
were killed by cervical dislocation. The oesophagus was 
excised immediately upon death and the cervical (pharyngeal) 
and abdominal (cardiac) ends were ligated before the lumen 
was injected with 3.0% glutaraldehyde in 0.1 M sodium 
cacodylate buffer at 4 'C, pH 7.4, until a mild distension was 
evident. Test data derived from high magnification SEM, 
showed that oesophageal microridge patterns were normal 
after no distension or mild distension but abnormal after 
severe distension. Each oesophagus was then immersed in 
this fixative solution and stored at 4 ·c. At least 2 samples 
were taken from each of the cervical, thoracic and abdominal 
regions. Each specimen was assigned a code number, so that 
all subsequent SEM investigation and analysis could be 




Thirty-two human lower thoracic oesophageal biopsies 
( 1.5 mm diameter) were obtained, on the basis of availability, 
from 18 patients (age-range 20-67 years) undergoing 
endoscopic examination/biopsy of their upper gastrointestinal 
tract as indicated below. The 18 patients were drawn from 
two groups: those who were asymptomatic of oesophageal 
reflux (9 patients) and those who complained of heartburn (9 
patients). Permission for biopsy sampling was given by the 
local Ethical Committee and all patients gave informed 
consent. The specimens were taken from the lower thoracic 
oesophagus, 2-3 cm above the oesophageal-cardiac junction. 
The sampling level was standard in that it was determined 
with reference to the visually identifiable oesophageal-cardiac 
junction seen at endoscopy. An alternative would have been 
to have sampled with reference to the distance from the 
incisors as this would also have ensured consistent site 
sampling. The tissue was immediately immersed in 5% 
phosphate-buffered glutaraldehyde, and each biopsy was 
given a code number. The fixative used was buffered at an 
osmolarity equivalent to that applie<l above in the animal 
studies. 
Qualitative xamjnatjon 
The type of lining epithelium present was assessed 
independent of knowledge of the groups to which the coded 
specimens belonged. Samples with NKSS epithelium were 
evaluated for mucosa! folding, the degree of desquamation of 
the surface cells, the prominence of intercellular boundaries, 
and the complexity and orientation of the microridge patterns 
on the cell surface. Stereopair micrographs were examined 
with a simple two-lens stereo-viewer (Boyde, 1974) in order 
to confirm that the surface projections were microridges and 
not microvilli. 
Ouantjtatjye analysis 
The morphometric method used to assess NKSS 
specimens was based upon the technique of Weibel (1969). 
For each level of the oesophagus, 24 micrographs, at 
magnification x 4000, were taken from randomly selected 
areas of each specimen, the only criterion being that each 
micrograph should illustrate the equivalent of one surface 
squame. The aim was to assess the percentage of the squame 
surface covered with microridges rather than to compare the 
surface area of squames between groups. A transparent sheet 
carrying a lattice grid consisting of 154 points on a 28 x 22 
cm field was set over each micrograph. The number of 
points overlying microridges and the number overlying the 
whole cell were counted and from this data the proportion of 
the cell surface covered by microridges expressed as a 
percentage of the total surface area was estimated. In order to 
test the repeatability of the method, twenty four specimen 
micrographs for each group were assessed separately by five 
observers, and comparison of the results of these observers 
showed a percentage variation around the mean of less than 
5%. The results were tested for statistical significance using 
paired and unpaired "t" tests. 
Results 
o ualjtatjye observations 
Non-keratinising squamous cells were present in the 
lining epithelium of the rabbit and human oesophagus. 
Immature rabbit specimens 
At 1 week of age, the mucosa was folded and the cell 
surface was covered with complex microridge patterns. 
Some cells had short microridges and microvilli, while knob-
SEM of oesophageal epithelium 
Fig. 1. SEM of oesophageal surface showing squamous cells with mixed microridge and microvillous patterns. Some knob-like 
structures are present (see inset). One week old rabbit. Bar = 5 µm. 
Fig. 2. SEM of oesophageal surface showing microridge patterns and some bacteria. Two week old rabbit. Bar= 5 µm. 
Figs. 3, 4. SEM of rabbit oesophagus showing desquamating cells on the luminal surface (Fig. 2, arrows) Bar= 100 µm; cell 
borders (arrow) and clearly visible microridge patterns on the squamous cell surface (Fig. 2). One-two year old rabbit. Bar= 5 
µm. 
Fig. 5. SEM showing a deficit in the surface layer of oesophageal cells through which parts of underlying cells can be seen to 
have microridges on their surface. Three-five year old rabbit. Bar= 5 µm. 
Fig. 6. SEM of the surface of a human oesophageal biopsy showing typical squamous cells covered by microridges which are 
arranged in rows and in whorled patterns. Bar = 5 µm. 
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like structures were also observed (Fig. 1). By 2 weeks 
(Fig. 2) the qualitative appearance was roughly similar to that 
of the 1-2 year old specimens (see below). 
Adult rabbit specimens 
Adult rabbits (1-2 and 3-5 years old) had a folded 
mucosa! surface. In the 1-2 year old specimens, there was 
minimal mucous exudate or debris overlying the surface and 
only a small degree of desquamation. At medium and high 
magnifications, the luminal surface was observed to consist 
of flattened polygonal cells with numerous microridges (Figs. 
3 and 4). Stereopair analysis confirmed that the surface 
specialisations were microridges rather than microvilli, and 
that they projected from the surface, rather than being a 
flattened feature of it. The microridges were arranged either 
linearly, when they were preferentially orientated parallel with 
the long axis of the oesophagus, or found in whorls similar to 
those in human finger-prints. The 3-5 year old rabbit group 
was morphologically similar to the 1-2 year old rabbit, 
although in the former case there was greater desquamation 
present, and occasional surface cells were missing (Fig. 5). 
The underlying cells displayed typical squamous morphology 
and the observed desquamation was assessed qualitatively 
rather than quantitatively. 
Human biopsies 
Qualitative SEM observation subdivided the human 
biopsy specimens into three groups, termed typical squamous 
(TS), non-typical squamous (NTS) and non-squamous (NS). 
A fuller account of this classification has been reported 
elsewhere (Laferla et al., 1988). In the NTS group, the 
luminal surface was more densely covered by mucous 
exudate and debris, and desquamation was more evident than 
in the TS group. Cell microridges were also more often 
arranged parallel to one another and were less evident 
compared to the TS specimens (Figs. 6, 7). The non-
squamous biopsies displayed simple columnar epithelium 
which being present at 2-3 cm above the oesophageal-cardia 
junction represented a definite pathological state. Since only 
ethical committee approval existed for biopsy of the lower 
thoracic oesophagus in humans, it is not possible for us to 
state how high up the oesophagus one might expect to find 
the columnar epithelium in cases of reflux oesophagitis. On 
decoding specimen numbers, all the TS, and all but one of the 
Fig. 7. SEM of the surface of a human oesophageal biopsy 
showing Non-Typical Squamous cells on which cell 
boundaries cannot be distinguished. Microridges lie in 
parallel rows. Bar= 5 µm. 
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NTS biopsies, were found to be from patients who had 
normal oesophageal endoscopy reports and no reflux 
symptoms. One NTS biopsy was from a patient with 
oesophagitis confirmed by histopathology. All but one of the 
non-squamous specimens were found to be from patients 
with oesophagitis a finding which suggests a strong but 
unproven correlation between the SEM observation of non-
squamous cells in the lower thoracic oesophagus of the 
human and reflux oesophagitis. Of the 18 patients, 2 had TS 
only, 5 had NTS only, 4 had biopsies showing areas of TS 
and NTS, 7 had non-squamous biopsies. In human 
specimens the occurrence of TS and NTS spanned the entire 
age range of patients and a sexual dichotomy was not evident. 
Qualitative comparison of rabbit and human groups 
There was no observable qualitative regional variation in 
the appearance of the cervical, thoracic and abdominal zones 
of the rabbit oesophagus. A variable squamous cell 
microridge pattern was displayed in rabbit specimens of all 
ages. Although rabbit specimens, especially at 1-2 and 3-5 
years old, were qualitatively similar to the TS human group, 
both of these rabbit groups were clearly distinguishable from 
the NTS human group. 
Quantitative comparison of rabbit and human 
UQ..U.Q.S 
The quantitative data for the squame area covered by 
microridges is summarised in Table 2. In the rabbit there was 
an elevation in the percentage of the squame surface covered 
by microridges with increasing age. The immature 1 week 
old rabbit specimens had 32.2% of their squame surface 
covered with microridges and in 2 week old rabbit specimens 
the mean microridge density was higher at 44.9%. In 
specimens of the cervical, thoracic and abdominal parts of the 
mature 1-2 year old rabbit oesophagus, the percentage of 
microridges lay within the range 51-65% of the total surface 
area. When the results for the cervical (59.61 %), thoracic 
(59%) and abdominal (57.11%) parts of the 1-2 year old 
rabbit oesophagus were compared with each other, there was 
no statistically significant difference in the percentage of 
microridges on the cell surface. Also the mean value for the 
3-5 year old rabbit group was 62.7% and showed no 
significant differences when compared with the 1-2 year old 
rabbit group. There was however a significant difference 
detected when the one and two week old rabbit groups were 
compared with older aged rabbit groups (P <0.001). 
In the TS human group, 64% of the cell surface was 
covered by microridges, while in the NTS group, the figure 
was only 38% (significantly different at P <0.001). Note 
also that the TS human biopsy group was not significantly 
different from the adult rabbit specimens. 
Table 2. Mean percentage area of squames covered 
by microridges 
Animal 
species age % area 
rabbit I week 32.2% 
rabbit 2 weeks 44.9% 
rabbit 1-2 years 51-65% 
rabbit 3-5 years 62.7% 
Human 20 - 67 years 
typical squamous 64% 
non-typical squamous 38% 
SEM of oesophageal epithelium 
Discussion 
This study reveals that, despite the environmental gradient 
which exists along the length of the oesophagus, no 
significant variation is detected in microridge appearance, 
distribution or density in the cervical, thoracic and abdominal 
regions of the oesophagus of the rabbit, a commonly used 
species in laboratory studies. The above sites were 
indistinguishable from specimens of histologically normal 
human lower thoracic oesophagus. There is a developmental 
variation in rabbits aged I to 2 weeks old compared to those 
at 1-2 and 3-5 years old and this was reflected by a clear 
elevation in the percentage of microridges with increasing age 
in the rabbit. The oesophagus of mature rabbits, at 1 year old 
and above, would seem to have potential for use as an 
experimental model for the human situation since their typical 
squamous cells appear qualitatively similar and quantitatively 
have no significant difference in the percentage of their typical 
squamous cell surface which is occupied by microridges. 
While we examined adult rabbits up to 5 years old, we did 
not have the opportunity to investigate very old rabbits (7-8 
years old) to determine whether these still displayed the TS 
morphology present at all earlier time points. Neither rat nor 
mouse is appropriate for such studies as the oesophageal 
epithelium in these species is keratinised (Marques-Pereira 
and Leblond, 1965; Parakkal, 1967; Shasha'a et al., 1988). 
The function of microridges is uncertain. They may 
reflect a mechanism for increasing cell surface area (Olson 
and Fromm, 1973), with the cell membrane being 'gathered 
up' into pleats or creases. This could allow some temporary 
increase in cell surface area during the passage of a bolus; in 
this respect, microridges could be the oesophageal equivalent 
of the plaque/interplaque regions of bladder urothelium which 
has a similar requirement for temporary distension during 
normal physiological functioning. The plaque/interplaque 
structure of urothelium is superficially similar in appearance 
to microridges but in bladder these regions represent struc-
tural heterogeneity of the surface cell membrane. No such 
heterogeneity has been described in oesophageal epithelium, 
although further comparative studies are indicated. 
The microridges may also help to maintain the integrity of 
the epithelium by stabilisation of the cell surface and by 
increasing the area of contact between cells (Hawkes, 1974). 
Cleaton-Jones (1972) considered that they may arise 
following the exposure of normal cell interdigitations which 
are uncovered on underlying cells by the exfoliation of 
surface cells. In the present study microridges were seen on 
such cells through surface deficits in 3-5 year old rabbits. 
A detailed study by Henk et al. (1986) described the 
regional morphology of the dog oesophagus during the first 
year of life. At 1 day, some cells showed microridges while 
others had stubby microvilli; by 3 weeks, microvilli were no 
longer seen and microridge patterns were more complex. In 
the present study of the rabbit, microridges and microvilli 
were present at 1 week, microridges becoming predominant 
with increasing age. Knob-like structures were only seen on 
immature specimens and it is speculated that these might 
represent intermediate forms between microridges and 
microvilli. However, they could also represent a disorder of 
the cell surface, as they have not only been found in the 
normal situation (Albertsson et al., 1987) but have also been 
described in pathological studies (Reichart and Althoff, 
1982). 
The human oesophageal biopsies showing TS or NTS 
characteristics were almost exclusively from patients without 
oesophageal symptoms. The possibility must therefore be 
considered that these groups represent variations in the 
normal appearance of the oesophageal mucosa. Epithelia can 
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be influenced structurally and functionally by, for example, 
sex hormones, however it is noteworthy that in human 
specimens (appearing normal by endoscopy) the occurrence 
of TS and NTS cells spanned the age range and sex of 
patients and did not support the existence of a sexual 
dicotomy. In contrast, the non-squamous group came from 
patients complaining of oesophageal symptoms, which 
suggests that the characteristics of this group might represent 
the appearance of the oesophageal mucosa when associated 
with a history of heartburn and reflux. 
This study concentrated on the microridge patterns of the 
oesophageal surface, as seen using SEM. Other surface 
features, like the openings of submucosal glands, or deeper 
histological features, such as the distribution of smooth and 
skeletal muscle, or the number of epithelial cell layers in the 
oesophagus were not addressed. Although microridges are 
accepted now as a largely standard feature associated with 
non-keratinising stratified squamous epithelial surfaces, more 
work is required to elucidate their fundamental biology and 
the effects of environmental variables such as diet and 
radiation upon them. The identification of the adult rabbit 
oesophagus as an experimental model with potential for 
comparison with the human oesophagus will assist our on-
going research into the effects of radiation on the 
gastrointestinal system. This is especially important since the 
oesophageal epithelium of other common laboratory animals, 
rats and mice, is keratinized and therefore, unlike the human 
condition, is without microridges. 
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Discussion wjth Reviewers 
G.M, Roomans: You appear to suggest that microridges 
develop from microvilli. Could you expand on this? What is 
the role of the cytoskeleton in microridge formation? 
Authors: Work on the urinary bladder (Hodges 1979) 
suggests that during normal urothelial cell differentiation the 
stubby microvilli of immature intermediate cells become 
arranged into chain like sequences merging into microridges 
to form the convoluted surface membrane infolds of the 
differentiating intermediate cells. By analogy it is therefore 
possible to suggest that microridges of the epithelial cells of 
the oesophagus may develop from microvilli. 
G.M, Roomans: You claim that the rabbit would be a 
suitable experimental model for the human oesophagus. 
How can this be, if the rabbit only has TS epithelium, 
whereas in the human both TS and NTS epithelium also 
occur normally? 
Authors: From our results, there is no significant 
difference between 1-2 year and 3-5 year old adult rabbit 
specimens and the human in relation to the percentage of 
microridges in their typical squamous oesophageal 
epithelium. It is therefore especially noteworthy that all 
human typical squamous biopsies were found to be from 
patients who had normal endoscopy reports and no reflux 
symptoms. This suggests that the rabbit is a potential model 
for the study of human oesophageal tissue changes. 
Although the data for one week old rabbit specimens (32.2%) 
was close to that for non-typical squamous human specimens 
(38%), we only wish to suggest that adult rabbit specimens 
are suitable for comparison with typical squamous cells in the 
human. Our reason for this conclusion is because immature 
rabbit specimens demonstrated a percentage of microridges 
which were lower and significantly different from those 
present in typical squamous cells of adult humans and adult 
rabbits. Also the oesophageal epithelium of other common 
laboratory animals, rats and mice, is keratinized and therefore 
not suitable for comparison with the human condition. 
W.H. Wilborn: Human oesophageal epithelium is 
normally non-cornified stratified squamous. Glands are 
located in the submucosa (submucosal glands) and in the 
lamina propria of the mucosa. Glands in the lamina propria 
are called mucosa! or cardiac glands and are limited to the 
uppermost and lowermost regions of the oesophagus. They 
are continuous with and structurally similar to the glands in 
the upper or cardiac region of the stomach. Please compare 
duct openings of submucosal and mucosa] glands of man and 
rabbit. 
Authors: Difficulty was experienced in identifying gland 
openings between the surface epithelial cells in this study. 
The investigation concentrated on microridge patterns of the 
oesophageal surface and other surface features, like the 
openings of submucosal glands, or deeper histological 
features, such as the distribution of smooth and skeletal 
muscle, or the number of epithelial cell layers in the 
oesophagus were not addressed. 
SEM of oesophageal epithelium 
Reviewer ill: The microridges in the one-week-old rabbit 
appear to the reviewer to be sufficient for counting. This 
data could be important; for example, the quantitative differ-
ence between the 1 and 2 week rabbits could have important 
functional and developmental correlations. 
Authors: The one week-old rabbit specimens have been 
counted (32.2%) and included in the results (new Table 2). 
They suggest that there is an increase in the squame area 
covered by rnicroridges with advancing age in the rabbit, at 
least up to 5 years old. 
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